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TABLE 2
Tensile | Elongation Tear Initiation Dull
Nonwoven Material (Ibsfin) (k) Tear (g) (g) Puncture
MDxCD | MDxCD | MDxCD MD x CD (9)
DuPont Tyvek® 42 gsm 20x22 14x19 381x372 1636 x 1942 8064
1072 x
DuPont ACT 85 gsm 24x12 82x 88 1734 37922786 5757
' 1435 x
Fiberweb Synergex 6120 21x12 M x70 2250 2640 x 1903 6088
Fiberweb Tycon 3121L 6x3 14x7 999 x 938 581x512 2961
A 1344 x
Fiberweb Typar 6161L 8x6 10x10 1274 1117 x 1037 4967
1457 x
Fiberweb Reemay 6125 32x18 63 x 80 170 3265 x 2581 1741
Fiberweb Typar 3091L 5x3 16 x 15 401 x 381 515x 274 177
Polyart 92 gsm (pet food bag) x4 100 x 118 58 x 57 2082 x 1931 8799
Polyart 65 gsm 22x 24 122 x 124 38x36 804 x 817 6027
Polyart 140 gsm 3x27 110 x 58 67x75 811 x11460 b
Ahlstrom 35260 20X10 46 X 56 735 X NA 2998 X 2286 7906
Ahlstrom 25604 17X9 23X19 1365 X NA 2156 X 1636 6504
Ahlstrom 25219 21 X13 45X 55 608 X NA 3296 X 2635 8754
Ahlstrom 1404 ' 4 X1 14X 16 388 X NA 2172 X 1591 6252
Ahlstrom 5507 14X9 15X 34 1400 X NA 2098 X 1887 9641
Ahlstrom 25724 23X9 88 X 99 852 X NA 2197 X 1735 4012
Ahlstrom 25206 51 gsm PP 15X6 40X 45 894 X NA 2148 X 1370 5359
Ahlstrom 25260 72 gsm PP 20X10 43X 48 478 X NA 2818 X 2205 7149
Ahlstrom 25607 50 gsm PET 11X7 2X20 534X NA 1259 X 1129 3676
Ahlstrom 25604 72 gsm PP 17X9 23X23 1207 X NA 2198 X 1583 6917
Ahlistrom 25724 61 gsm PE/PET 30X8 99 X 110 843 X NA 2940 X 2011 5028

Fig. 21
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TABLE 3
Tensile Elongation Tear Dull
(Ibs/in) (%) Tear (g) Initiation (g} | Puncture
Material MD x CD MDxCD | MDxCD MD x CD (@)
1 | Average WPP Exceeds Exceeds | Did nottear | 5000 X 5000 [ 20000
Thermal laminate Fiberweb
2 Eg@'::t{ft?;‘g‘mfon 16XNA | BXNA | 425X726 | 1040XNA | 4835
BOPET film
Thermalblg)minate 515X
Fiberweb® Typar PP
3 | spunbond to 18 micronpp | 22X28 | 8X8 g | 2134X2%8 | 5182
fim
4 | PET/DuPONt ACT1/BOPP 54X48 | 74X22 | 275X442 | 3447X2485 | 13759
5 | PET/DuPont ACT1/BOPP 54X60 | 73X41 | 257X454 | 3661X2587 | 15333
6 | BERG AVDuPont ACTY/ 59X56 | 83X34 | 320X426 | 4190X2902 | 15866
7 | BEPP (anesno iy 56X61 | 74X38 | 304X475 | 3896X3067 | 16926
B | Bore et 58X58 | 81X35 | 414X700 | 3479X3047 | 15505
9 | BOBP (aahasvo i) = 93X92 | 38X32 | 351X506 | 4012X 3638 | 26305,
10 | PET/adh/DuPont ACT1 4x31 | 7ixs2 | 245%291 | 30052019 | 9663
11 | PET/adh/DuPont ACT2 82X60 | 31x28 | 318X450 | 3590X 3564 | 23869
48ga PET/white _
12 | poly/Ahlstrom 2.5 0z NW 2XAN 25X 29 851 X790 | 3318 X 3609 18759
(PET/PE fibers)
48 ga PET/white
13 | polyAnisiom 2.5 0z NW 34X20 | 66x51 | 841X1898 | 3706X2328 | 7880
(PET fibers)
48 ga PET/white
14 | o L ey | 46X42 | 33X3 | 885X 968 | 3889X4007 | 17805
mil LLDPE
48 ga PET/white
15 | RO 2 e mil | 49X25 | T0X54 | 957X1943 | 4200X 3679 | 10761
LLDPE

Fig. 22
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MULTI-LAYERED BAGS AND METHODS OF
MANUFACTURING THE SAME

TECHNICAL FIELD

Embodiments disclosed herein relate generally to bags that
can be used in the packaging industry, and more particularly
to multi-layered bags and methods for manufacturing the
same.

BRIEF DESCRIPTION OF THE DRAWINGS

The written disclosure herein describes illustrative
embodiments that are non-limiting and non-exhaustive. Ref-
erence is made to certain of such illustrative embodiments
that are depicted in the figures, in which:

FIG. 1 illustrates a perspective view of an embodiment of a
bag having a sewn end and an open end;

FIG. 2 illustrates a perspective view of the bag of FIG. 1
having a product disposed therein and two sewn ends;

FIG. 3A illustrates an exploded view of an embodiment of
a body material compatible with the bag of FIG. 1;

FIG. 3B illustrates an exploded view of another embodi-
ment of a body material compatible with the bag of FIG. 1;

FIG. 3C illustrates an exploded view of another embodi-
ment of a body material compatible with the bag of FIG. 1 in
which a film portion of the outer ply is reverse printed;

FIG. 4 A illustrates a cross-sectional view of the body mate-
rial of FIG. 3 A taken along the view line 4A-4A in FIG. 3A;

FIG. 4B illustrates a cross-sectional view of the body mate-
rial of FIG. 3B taken along the view line 4B-4B in FIG. 3B;

FIG. 5 illustrates a partially exploded view of another
embodiment of a body material having an embodiment of an
inner ply and an embodiment of an outer ply, and is compat-
ible with the bag of FIG. 1;

FIG. 6 illustrates a partial exploded view of an embodiment
of an inner ply compatible with the body material of FIG. 5;

FIG. 7 illustrates a cross-sectional view of the inner ply of
FIG. 6 taken along the view line 7-7 in FIG. 6;

FIG. 8A illustrates a cross-sectional view of another
embodiment of a body material compatible with the bag of
FIG. 1,

FIG. 8B illustrates a cross-sectional view of the material of
FIG. 7 taken along the view line 8B-8B in FIG. 5;

FIG. 8C illustrates a cross-sectional view of another
embodiment of a body material compatible with the bag of
FIG. 1,

FIG. 8D illustrates a cross-sectional view of another
embodiment of a body material compatible with the bag of
FIG. 1,

FIG. 8E illustrates grease-resistant properties of an
embodiment of a body material such as that shown in FIG. 8B
of which a portion is shown in cross-section;

FIG. 9 illustrates an embodiment of an apparatus for form-
ing a body material compatible with the bag of FIG. 1;

FIG. 10 illustrates a partially exploded view of an embodi-
ment of material such as that of FIG. 7 that is capable of being
formed into a tube-like structure;

FIG. 11 illustrates a perspective view of the material of
FIG. 10 in the form of an embodiment of a tube;

FIG. 12 illustrates a cross-sectional view of a sewing
needle penetrating an end portion of material during forma-
tion of an embodiment of a bag;

FIG. 13A illustrates a cross-sectional view of a portion of
an embodiment of a bag through which an embodiment of a
stitching element extends;
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FIG. 13B illustrates a cross-sectional view of another por-
tion of the bag of FIG. 13A through which an embodiment of
a stitching element extends;

FIG. 14 illustrates a perspective view of a portion of an
embodiment of a zipper closure at an end of an embodiment
of'a bag;

FIG. 15 illustrates a cross-sectional view of the zipper
closure of FIG. 14 taken along the view line 15-15 in F1G. 14;

FIG. 16 illustrates a cross sectional view of another
embodiment of a zipper closure;

FIG. 17 illustrates a perspective view of an embodiment of
a closed end of a bag;

FIG. 18A illustrates a cross-sectional view of the bag of
FIG. 17, during formation of the closed end, taken along the
view line 18-18 in FI1G. 17,

FIG. 18B illustrates a cross-sectional view of the bag of
FIG. 18A, after formation of the closed end, taken along the
view line 18-18 in FI1G. 17,

FIG. 18C illustrates a cross-sectional view such as that of
FIG. 18A of another embodiment of a closed end of a bag;

FIG. 18D illustrates a cross-sectional view such as that of
FIG. 18A of another embodiment of a closed end of a bag;

FIG. 18E illustrates a cross-sectional view such as that of
FIG. 18A of another embodiment of a closed end of a bag;

FIG. 19 illustrates a perspective view of another embodi-
ment of a closed end of a bag;

FIG. 20A illustrates a cross-sectional view of the closed
end of the bag shown in FIG. 19 taken along the view line
20-20 in FIG. 19;

FIG. 20B illustrates a cross-sectional view such as that of
FIG. 20A of another embodiment of a closed end of a bag;

FIG. 21 illustrates a table that includes measurements of
properties of various nonwoven materials that can be com-
patible with certain embodiments of a multi-layered bag; and

FIG. 22 atable that includes measurements of properties of
various layered materials that can be compatible with certain
embodiments of a multi-layered bag.

DETAILED DESCRIPTION

Embodiments of a bag are disclosed. In many embodi-
ments, the bag can comprise multiple layers. Each layer can
provide the bag with one or more desirable characteristics,
depending on the application of the bag. In certain embodi-
ments, the bag can comprise a layer of nonwoven material,
which can contribute to the stiffness and strength of the bag
and can aid in manufacturing the bag using standard convert-
ing equipment. In some embodiments, the bag comprises one
or more polyolefin layers. In some embodiments, the one or
more polyolefin layers can provide the bag with grease-resis-
tant properties, heat-sealing capabilities, and/or one or more
aesthetic enhancements, such as printed indicia and/or a
glossy finish. In many embodiments, the bag is flexible and
can be suitable for use in large formats (e.g., for storage of
large amounts of contents). Such embodiments, as well as
others, are disclosed in greater detail below.

FIG. 1 illustrates a perspective view of an embodiment of a
bag 15. The bag 15 can include a body portion 21, which can
be substantially tubular in form. For example, in some
embodiments, the body portion 21 defines a front wall 1, a
back wall 2, a first side wall 3, and a second side wall 4. In
certain embodiments, the bag 15 defines a sewn-open-mouth
configuration, and can include a closure seam 10 at a bottom
end 25 of the body portion 21. In some embodiments, the
seam 10 comprises one or more stitching elements 11, such as
threads, strings, or yarns, that extend through the front wall 1
and the back wall 2 in a sewn or stitching pattern. In some
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embodiments, the one or more stitching elements 11 can
further extend through end portions of the first side wall 3
and/or the second side wall 4. In some embodiments, a clo-
sure strip 12, which can comprise paper or any other suitable
material, is positioned over (e.g., at an outwardly facing sur-
face of) the front wall 1 and the back wall 2 and is sewn to the
front and back walls 1, 2 via the one or more stitching ele-
ments 11. When the bag 15 is in a sewn-open-mouth configu-
ration, a top end 23 of the bag 15 can be open such that a
product can be received into the bag 15, and the product can
be maintained within the bag 15 via the closed bottom end 25.
Many other configurations of the bag 15 are possible, as
further discussed below. For example, other arrangements in
which the bottom end 25 of the bag is closed in a manner other
than sewing are possible. In various embodiments, the bag 15
can define a pinch-bottom-open-mouth configuration, quad-
style configuration, heat-seal configuration, or other suitable
configurations.

In some embodiments, the body portion 21 comprises a
sheet of body material 7 that is folded or otherwise formed
into the substantially tubular structure. As further discussed
below, the body material 7 can comprise multiple layers, each
of' which can provide or aid in providing desirable functional
characteristics to the bag 15.

With reference to FIG. 2, in certain embodiments, the bag
15 can have contents disposed therein, such as a product 17.
Once the product 17 is within the bag 15, the top end 23 of the
bag 15 can be closed in any suitable fashion, as discussed
further below. For example, the illustrated embodiment
includes a closure seam 13 such as the closure seam 10 at the
bottom end 25 of the illustrated embodiment of the bag 15.
Other closures are also possible, such as, for example, heat-
seal closures or zipper closures.

With reference to FIGS. 3A and 4A, in certain embodi-
ments, the body material 7 can comprise a film 33 and a
nonwoven layer 35. The body material 7 can be oriented such
that the film 33 is outside of the nonwoven layer 35. Stated
otherwise, in some embodiments, the nonwoven layer 35 is
closer to an interior space defined by the bag 15 than is the
film 33.

The film 33 and the nonwoven layer 35 can be joined in any
suitable fashion. For example, the film 33 and the nonwoven
layer 35 can be laminated, such as via adhesive lamination or
extrusion lamination. The film 33 can be adhered (e.g., in
abutting contact) to an outer face of the nonwoven layer 35 via
a tie layer 37. In various embodiments, the tie layer 37 can
comprise a solventless adhesive, a plastic-type bonding mate-
rial, or a co-extruded film. In some embodiments, the tie layer
37 comprises polyurethane. Other suitable materials are pos-
sible for the tie layer 37. For example, solvent-based adhe-
sives may be used.

In certain embodiments, the film 33 and the nonwoven
layer 35 are joined to each other using known laminating
equipment. For example, in various embodiments, any suit-
able solventless laminator available from Comexi North
America of West Springfield, Mass., any suitable solventless
laminator available from Nordmeccanica of Piacenza, Italy,
orthe like can be used to laminate the film 33 to the nonwoven
layer 35. In some embodiments, it can be desirable to control
the viscosity of laminating materials used to join the film 33
and the nonwoven layer 35 so as to prevent seepage through
the nonwoven layer 35. Such seepage could, in some
instances, undesirably adhere a roll of newly prepared body
material 7 to itself such that it would be difficult, damaging, or
unfeasible to thereafter unroll the body material 7. The seep-
age could also interfere with proper operation of the laminat-
ing equipment.
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Likewise, one or more known adhesives can be used to join
the film 33 and the nonwoven layer 35. In some embodiments,
the adhesive can comprise a water-adhesive in a mixture, or
can comprise a 100% solids glue (as further discussed below).
For example, in some embodiments, the adhesive can com-
prise a radiation-cured adhesive, a solventless adhesive, a
solvent-based adhesive, or a water-based adhesive. In certain
of'such embodiments, precautions can be taken to prevent the
adhesive from seeping through the nonwoven layer 35 priorto
drying or curing. Such seepage could, in some instances,
undesirably adhere aroll of newly prepared body material 7 to
itself such that it would be difficult, damaging, or unfeasible
to thereafter unroll the body material 7. For example, one
alteration of conventional adhesive processes that could per-
mit the use of water-based adhesives without undesirable
seepage would be to permit the adhesive to dry prior to rolling
the body material 7.

In other embodiments, extrusion coating lamination may
be used. For example, in some embodiments, an extrusion
coating lamination comprises the use of a PE blend as the
extrudate. In other embodiments, a resin extrusion may be
employed. In some embodiments, the lamination is per-
formed via a separate piece of equipment designed for lami-
nating and extruding, and in other embodiments, an in-line
tuber is used. In some embodiments, any suitable extrusion
laminator, such as one available from Davis-Standard of Paw-
catuck, Conn., can be used.

In some embodiments, a so-called 100% solids adhesive
may be used. For example, certain hot-melt adhesives can be
suitable for joining the film 33 and the nonwoven layer 35.
However, it may not be desirable for certain of such hot-melts
to contact food. In some embodiments, the nonwoven layer
35 may not provide a sufficient barrier between these hot-
melts and a packaged product 17, thus in such embodiments,
the packaged product 17 can comprise something other than
food. In some embodiments, it is possible to use a hot-nip
roller to join the film 33 and the nonwoven layer 55.

In certain embodiments, the film 33 comprises a polyole-
fin, and may comprise a thermoplastic material. For example,
in various embodiments, the film 33 comprises polyethylene
terephthalate (PET), polyethylene terephthalate polyester
(PETP), polytrimethylene terephthalate (PTT), polybutylene
terephthalate (PBT), or polypropylene (PP). In some
instances, PTT and PBT may be more expensive than PET.
Certain films 33, such as some embodiments that comprise
polyester (e.g., PETP), can be puncture-resistant, tear-resis-
tant, scratch-resistant, grease-resistant, and/or absorption-re-
sistant. These properties can aid in providing a bag 15 with,
and in maintaining, an aesthetically pleasing appearance.

In some embodiments, the film 33 can include one or more
materials configured to provide or enhance the grease-resis-
tance or other barrier properties of the film 33. For example,
in some embodiments, the film 33 can be resistant to or
substantially impermeable to mineral oils, solvents, and
acids. The film 33 can include, for example, plastics, polyvi-
nyl chloride (PVC), polyamide (PA), polyethylene (PE),
polystyrene (PS), and/or polypropylene (PP).

In some embodiments, the film 33 can be in a range of from
about 30 gauge to about 300 gauge. In other embodiments, the
thickness can be in a range from about 36 gauge to about 48
gauge. For example, in certain pet food bag applications, the
film 33 can be about 48 gauge. The film 33, however, can have
other gauges for pet food bags, or for other applications, as
needed or desired.

With reference to FIGS. 3B and 4B, in certain embodi-
ments, the film 33 can be treated with a coating 27 on the outer
face thereof. The coating 27 can provide an enhanced barrier,
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and can inhibit or substantially prevent grease and/or mois-
ture from penetrating the bag 15 from the outside. The coating
27 can protect against abrasion of the film 33, and may pro-
vide an aesthetically appealing gloss finish. In some embodi-
ments, the coating 27 can facilitate adhesion and bonding and
can increase a coefficient of friction of the bag 15. In some
embodiments, the coating 27 can include printed indicia,
which can be surface printed or reverse printed. In various
embodiments, the coating 27 can comprise, for example, a
flexography coating 27, a proprietary coating 27, or any other
suitable coating 27. For example, in some embodiments, the
coating 27 can comprise the proprietary coating REPEL-
LENCE™ barrier coating or AQUA CRYSTAL™ film coat-
ing, each of which is manufactured by Exopack, LL.C of
Spartanburg, S.C.

In some embodiments, the coating 27 can provide oil,
grease, and/or water resistance. The coating 27 can effec-
tively preserve the quality of the package contents as well as
the physical integrity of the bag 15 as a whole. For example,
in some embodiments, a coating 27 that comprises REPEL.-
LENCE™ can be used advantageously with products that
contain oil or grease, or for bags 15 that may occasionally be
subjected to rain or other elements. In some embodiments, a
coating 27 that comprises AQUA CRYSTAL™ can be rela-
tively clear and glossy, thereby providing a bag 15 with an
attractive appearance.

In still other embodiments, one or more additional poly-
olefin films 33 can be combined with the illustrated film 33.
For example, an additional polyolefin film 33 can replace the
coating 27, or in further embodiments, the additional poly-
olefin film can be joined with an outwardly facing surface of
the illustrated film 33, and the coating 27 can be applied to an
outwardly facing surface of the additional polyolefin film 33.

In certain embodiments, an outer face of the film 33 can
have a coefficient of friction in a range of from about 0.5 to
about 0.9. Other ranges and values are also possible. The
coefficient of friction, for example, for certain pet food bag
applications can be sufficiently large to inhibit slipping or
sliding of a bag 15 when positioned on a shelf or cabinet.

With reference to FIG. 3C, in some embodiments, an inner
face of the film 33 of the outer ply 31 can include printed
indicia 29, which can aid in the identification and/or adver-
tisement of the contents of the bag, the distributor of the bag,
etc. In some embodiments, the film 33 exhibits properties
(e.g., clarity, shininess, scratch resistance, etc.) that can
enhance visual appearance of the bag 15, as described above.
The film 33 can be configured to transmit light such that the
printed indicia 29 is visible at a position outside of the bag 15.

In certain embodiments, the film 33 can be amorphous,
which is a classification indicating that the film 33 is highly
transparent and colorless, or can be semi-crystalline, which is
a classification indicating that the film 33 is translucent or
opaque with an off-white coloring. In some cases, amorphous
polyester films 33 can have better ductility than semi-crystal-
line polyesters, but can exhibit less hardness and stiffness
than the semi-crystalline type. In some embodiments, a film
33 can be printed with solvent-based inks or water based inks,
and can be printed overall with a flood coat of white ink,
which may advantageously allow for high-quality graphics.
Certain embodiments that include a flood coat of white ink
may also advantageously mask grease that might penetrate
through the film 33 (e.g., via a cut or crack in the film 33). In
some embodiments, portions of the film 33 are treated with an
acrylic chemical suitable for adhering to solvent based inks,
water based inks, or other inks.

In certain embodiments, instead of reverse printing indicia
29 on the inner face of the film 33, indicia 29 can be surface
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printed on the outer face of the film 33. It is also possible to
print indicia 29 on both the inner and outer faces of the film
33. In other embodiments, the film 33 can be unprinted (e.g.,
the film 33 can be substantially plain and/or clear). The film
33 can provide a bag 15 with a superior appearance, as com-
pared with, for example, standard pet food bags. For example,
a printing on the film 33 can be more aesthetically pleasing
than similar printing applied to paper bags (e.g., paper bags
that do not have an outer film 33).

With reference again to FIGS. 3A-4B generally, in certain
embodiments, the nonwoven layer 35 comprises a web of
nonwoven material. As used herein, the term nonwoven mate-
rial is a broad term used in its ordinary sense, and can include
various materials that comprise a web of strands or fibers that
are joined without a regular woven or knitted pattern. For
example, separate fibers can be formed into a unitary piece of
material via spunbonded and/or meltblown processes. In
some embodiments, the web of nonwoven material can com-
prise fibers that are compiled via a binder (e.g., a powder,
paste, or polymer melt), which may include a thermal bond-
ing process (e.g., curing or calendering).

Invarious embodiments, the nonwoven material comprises
polymeric fibers, cellulosic fibers, or some combination of
the two. In some embodiments, the nonwoven material com-
prises polypropylene fibers, polyethylene fibers (e.g., high
density polyethylene fibers), and/or polyester fibers sheathed
in polyethylene, a co-polyester, and/or a copolymer of poly-
ethylene. For example, various embodiments of the non-
woven material can comprise Tyvek® and/or Advanced
Composite Technology (ACT) nonwovens, which are avail-
able from DuPont of Wilmington, Del. In still further embodi-
ments, the nonwoven material can comprise cellulosic fibers,
either instead of or in addition to polymeric fibers. The cel-
Iulosic fibers can also be sheathed, such as, for example, with
polyester. Other nonwoven materials are also possible.

In some embodiments, the nonwoven material can provide
a selective barrier. For example, in some embodiments, the
nonwoven material can be substantially permeable to air and
water vapor (e.g., breathable), yet can be substantially grease
or water resistant. Accordingly, in some embodiments, com-
bining the film 33 with the nonwoven layer 35 can advanta-
geously increase the barrier properties a body material 7. For
example, it may be desirable for a bag 15 to substantially
prevent certain gases, odors, grease, and/or water from enter-
ing and/or exiting the bag 15, which may be more readily
accomplished via the nonwoven layer 35, either alone or in
conjunction with the film 33.

Although certain embodiments of a nonwoven layer 35
may be permeable to water vapor and/or certain gases and
odors from within the bag 15, a film 33 that is joined to an
exterior surface of the nonwoven layer 35 can prevent gases,
odors, and/or water vapor that passes through the nonwoven
layer 35 from exiting the bag 15, and can also prevent such
items from entering the bag 15.

In many embodiments, the nonwoven layer 35 can provide
the bag 15 with substantial toughness or strength. For
example, the nonwoven layer 35 can be relatively puncture-
resistant and/or relatively tear-resistant. Examples of such
improved puncture- and tear-resistance are provided below.
The improved strength can be advantageous in certain large-
format applications. For example, in some embodiments,
bags configured for carrying or storing heavy and/or abrasive
loads (e.g., about 20 kg or more of pet food) can benefit from
the strength of a nonwoven layer 35.

In certain embodiments, the nonwoven layer 35 can exhibit
a bending stiffness, modulus, and/or tensile stiffness that is
larger than that of the film 33. In further embodiments, the
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nonwoven layer 35 can be thicker than the film 33. In some
embodiments, the nonwoven layer 35 can provide sufficient
structural rigidity to permit the bag 15 to be placed in and
remain in an upright position. For example, the bag 15 might
contain a product 17 in an amount sufficient to fill only a
fraction (e.g., V4, ¥4) of the bag 15. In certain of such embodi-
ments, the product 17 can be settled at the bottom end 25 of
the bag 15, and the bag 15 can be setupright on its bottom end
25. Although the product 17 does not generally support the
top end 23 of the bag 15 in such a configuration, the bag 15
can nevertheless remain in a substantially upright configura-
tion, and can resist gravitational force acting on the top end 23

8

Industries of North Tonawanda, N.Y. Taber Stiffness Units
can be defined as the bending moment of /5 of a gram applied
to a 1.5 inch wide specimen at a 5 centimeter test length,
flexing it to an angle of 15 degrees. Stiffness Units can be
expressed in grams.

To obtain a reading of the Taber Stiffness of a test strip of
material, the test strip can be deflected 7.5 degrees or 15
degrees in opposite directions (e.g., to the left and to the
right). The average reading of the deflections can then be
obtained. This average can then be multiplied using the
appropriate number provided in Table 1 below for a particular
range. The resultant product is the stiffness value of the mate-
rial in Taber Stiffness Units.

TABLE 1
Stiffness Test Roller Specimen Angleof  Scaling
Range Units Length Position Size Weight Deflection Multiplier
1 0-1 2em SR 1Y2ax 12 10 unit 15° 0.01
Attachment compensator
2 0-10 lem Up 12 x 1Y2 10 unit 15° 0.1
compensator
3 10-100 Scm  Down 1¥2 % 2% — 15° 1
4 50-500 Sem  Down 155 % 2% 500 units 15° 5
5 100-1000 Sem  Down 155 % 2% 1000 units 15° 10
6 200-2000 Sem  Down 1¥2 % 2% 2000 units 15° 20
7 300-3000 Sem  Down 1¥2 % 2% 3000 units 15° 30
8 500-5000 Sem  Down 155 % 2% 5000 units 15° 50
9 1000-10000  5cm  Down 1¥2 % 2% 5000 units 7.5° 100

of'the bag 15 due to the stiffness of the nonwoven layer 35. In
some embodiments, dead-fold properties provided by a non-
woven layer 35 can be advantageous for similar reasons.

Asused herein, the term stiffness is a broad term used in its
ordinary sense, and can include bending stiffness or tensile
stiffness. Other suitable measurements of stiffness can also be
utilized, such as droop stiffness, folding endurance, or other
alternative measurements. In certain instances, bending stift-
ness represents the rigidity of a material. In some cases, the
bending stiffness of an item can be a function of (e.g., can be
proportional to) the cube of the caliper thickness of the item.
Bending stiffness can also be related to the modulus of elas-
ticity of'the item. In many embodiments, the bending stiffness
of'anonwoven layer 35 generally increases as the thickness of
the nonwoven layer 35 is increased.

Various instruments may be used to measure stiffness,
many of which determine the stiffness of an item by subject-
ing it to bending of one variety or another. For example, some
instruments employ 2-point bending, while others employ
4-point bending. Solid fiber boards and small fluted combined
boards (which can be used in folding cartons) are typically
measured with 2-point bending instruments. Suitable instru-
ments for measuring bending stiffness can include Gurley,
Taber, and L&W instruments.

Industry standards for measuring stiffness adopted by the
Technical Association of the Pulp and Paper Industry
(TAPPI) can be used to characterize the stiffness of a bag 15
or portions (e.g. layers) thereof. For example, the Gurley
Stiffness value can be measured via a Gurley Stiffness Tester,
manufactured by Gurley Precision Instruments of Troy, N.Y.
The Gurley Stiffness Tester measures the externally applied
moment required to produce a given deflection of a strip of
material of specific dimensions fixed at one end and having a
concentrated load applied to the other end. The results are
obtained as “Gurley Stiftness” values, which can be in units
of grams.

Similarly, stiffness can be measured in Taber Stiffness
Units using a Taber® Stiffness Tester manufactured by Taber
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The following formula can apply to Taber Stiffness mea-
surements:

E=0.006832x(1/(wxd>x0))xS7

where E is stiffness in flexure in pounds per square inch, w is
specimen width in inches, d is the specimen thickness in
inches, 0 is the deflection of the specimen expressed in radi-
ans, and S is Taber Stiffness Units.

There can be a reasonable correlation between Gurley
Stiffness and Taber Stiffness, such as for paperboard grades.
For example, the following formula can be used to convert
between Gurley Stiffness and Taber Stiffness:

$70.014195,-0.935

where S, is Taber Stiffness Units and S, is Gurley Stiffness
Units. As indicated in TAPPI Test Method T-543, paragraph
4.1.5, Gurley values can range from approximately 1.39 to
56,888 Gurley Stiffness units, and can correspond roughly to
Taber values ranging from approximately O to 806.3 Taber
Stifthess units.

In some embodiments, the stifthess of the nonwoven layer
35 is selected such that the body material 7 of which a bag 15
is ultimately formed can be laminated on existing machinery.
Likewise, in some embodiments, the stiffness of the non-
woven layer 35 is selected such that the body material 7 can be
formed into the bag 15 on a variety of existing converting
equipment. For example, the body material 7 can be suitable
for use with equipment generally used in the manufacture of
large-format paper bags. In some embodiments, the non-
woven layer 35 can exhibit dead-fold properties similar those
of paper layers commonly used in conjunction with such
equipment. In further embodiments, the body material 7 can
be used with standard quad-seal equipment.

In some embodiments, the nonwoven layer 35 can define a
thickness in a range from about 1.0 mils to about 10 mils. In
various embodiments, the thickness can be in a range from
about 1.75 mils to about 7.0 mils or from about 1.9 mils to
about 6.0 mils. In further embodiments, the thickness can be
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no less than about 1.9 mils, no less than about 2.0 mils, or no
less than about 2.1 mils. Other thicknesses are also possible.

In some embodiments, the film 33 can define a thickness in
a range of between about 0.25 mils and about 1.25 mils,
between about 0.25 mils and about 0.75 mils, or between
about 0.70 mils and about 1.25 mils. In some embodiments,
the film 33 can be 48 gauge and/or have a thickness in the
range of about 0.475 mils to about 0.485 mils. Increased
thickness of the nonwoven layer 35 and/or the film 33 can
provide for increased bending stiffness and increased stabili-
zation of a bag 15. In some embodiments, the film 33 can
comprise PET and can define a thickness within a range of
between about 0.25 mils and about 0.75 mils. In other
embodiments, the film 33 can comprise BOPP and can define
a thickness within a range of between about 0.70 mils and
about 1.25 mils.

In some embodiments, an outer face of the nonwoven layer
35 can include printed indicia. Procedures for printing indicia
can include process printing, rotogravure printing, innovative
flexographic printing, etc. In some embodiments, the film 33
does not include printed indicia 29 (see FIG. 4C) when the
nonwoven layer 35 is printed, which can prevent the film 33
from obscuring the printed matter of the nonwoven layer 35.
In other embodiments, both the nonwoven layer 35 and the
film 33 can include printed portions.

With reference to FIG. 5, in certain embodiments, the film
33 and the nonwoven layer 35 can define an outer ply 31 that
is joined to an inner ply 51 to define a body material 7. Insome
embodiments, an inner face of the outer ply 31 (e.g., an
inwardly facing surface of the nonwoven layer 35) is adhered
to an outer face of the inner ply 51 (e.g., an outwardly facing
surface of the inner ply 51). In further embodiments, the inner
and outer plies 51, 31 can be in abutting contact. For example,
the inner ply 51 can be laminated to the outer ply 31.

With reference to FIGS. 5, 6, 7, 8B, and 8E, in some
embodiments, the inner ply 51 comprises multiple layers. As
shown in FIG. 8A, in other embodiments, the inner ply 51
comprises a single layer. In either case, the inner ply 51 can be
configured to resist or prevent the penetration or absorption of
grease, mineral oils, solvents, and acids into or through the
walls 1, 2, 3, 4 of a bag 15. The inner ply 51 can thus
advantageously prevent grease within the bag 15 from con-
tacting the nonwoven layer 35.

In some embodiments, the inner ply 51 exhibits a high
degree of puncture resistance. This property can also be
advantageous depending on the type of product stored in a
bag 15. For example, in some embodiments, the packed prod-
uct can be relatively abrasive such that the inner ply 51 is
desirably capable of withstanding the formation of pinholes
during transportation and/or use of the bag 15.

In some embodiments, the inner ply 51 comprises a high
modulus (e.g., modulus of elasticity) such that the inner ply
51 is able to elastically stretch. When incorporated into the
multi-layered material that forms the body portion 21 ofa bag
15, such an inner ply 51 can provide the bag 15 with resil-
iency, which can help to prevent rips, tears, or punctures. As
further discussed below, in some embodiments, the resiliency
afforded by the inner ply 51 can aid in sealing holes created by
a sewing needle during assembly of a bag 15.

With reference to FIG. 8A, in certain embodiments, the
inner ply 51 can include a single-layer or mono-layer film,
which can be grease resistant or can include one or more
grease-resistant components. In some embodiments, the
inner ply 51 can comprise a polyolefin film layer or a lami-
nate. For example, in certain embodiments, the inner ply 51
comprises nylon or polypropylene. In some embodiments,
the inner ply 51 comprises biaxially oriented polypropylene
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(BOPP). In other embodiments, the inner ply 51 can comprise
a material of which merely a component is nylon (e.g., a
suitable polyamide) or polypropylene, and can include other
materials capable of resisting grease. Some grease-resistant
materials can include, for example, metalized films, ethylene
vinyl alcohol, polyester, or specialty resins. In some embodi-
ments, the grease-resistant materials provide resistance to
and/or prevention of the penetration or absorption of grease,
mineral oils, solvents, and/or acids.

Incertain embodiments, the inner ply 51 comprises a single
layer of polypropylene film. In various embodiments, the
polypropylene inner ply 51 can exhibit relatively high grease-
resistance, rigidity, translucence, chemical resistance, tough-
ness, fatigue resistance, integral hinge properties, and/or heat
resistance. Various forms of polypropylene are possible, and
may be selected based on particular needs and cost consider-
ations. For example, the inner ply 51 can comprise homopoly-
mers, block copolymers, or random copolymers. Homopoly-
mers, in this sense, are a general purpose grade
polypropylene. Block copolymers can incorporate 5-15%
ethylene and have much improved impact resistance extend-
ing to temperatures below -20 degrees C. In some instances,
the toughness of block copolymers can be increased by the
addition of impact modifiers, such as elastomers, in a blend-
ing process. Random copolymers can incorporate co-mono-
mer units arranged randomly (as distinct from discrete
blocks) along the polypropylene long chain molecule, typi-
cally contain 1-7% ethylene, and can be used where a rela-
tively low melting point, relatively high flexibility, and clarity
are desired.

Incertain embodiments, the inner ply 51 comprises a single
layer of nylon film. A nylon inner ply 51 can have such
properties as relatively high wear and abrasion resistance,
relatively high strength, and/or a relatively high modulus
(e.g., modulus of elasticity).

With reference again to FIGS. 5, 6, 7, 8B, and 8E, in certain
embodiments, the inner ply 51 includes a multi-layer film or
laminate. The inner ply 51 can comprise a core layer 55
positioned between one or more films 53, 54. For example, an
inner face of a first film 53 can be abuttingly adhered to an
outer face of a core layer 55 and/or an inner face of the core
layer 55 can be abuttingly adhered to an outer face ofa second
film 54. In some embodiments, the core layer 55 and the one
ormore films 53, 54 are co-extruded such that the inner ply 51
comprises at least three co-extruded layers. Other suitable
laminated structures are also possible. For example, in some
embodiments, the inner ply 51 comprises four or more co-
extruded layers or five or more co-extruded layers. The core
layer 55 can be positioned at a center of the inner ply 51 in
some embodiments, and in other embodiments, can be at an
off-centered position.

One or more of the core layer 55, the films 53, 54, and/or
other layers of a ply 51 can comprise any suitable combina-
tion of the materials discussed above with respect to the
single-layer inner ply 51. In some embodiments, the core
layer 55 comprises nylon or polypropylene. In other embodi-
ments, the core layer 55 can comprise a metalized film, eth-
ylene vinyl alcohol, polyester, or a specialty resin. In some
embodiments, the core layer 55 is substantially grease-proof,
is highly puncture resistant, and/or comprises a high modu-
lus.

In some embodiments, one or more of the films 53, 54
and/or additional co-extruded layers of the inner ply 51 can
comprise polyethylene, linear low density polyethylene, or
metalicine. Other materials are also possible. In various
embodiments, one or more of the films 53, 54 and/or addi-
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tional co-extruded layers of the inner ply 51 can define a
thickness of between about 0.5 mils and about 6.0 mils.

In certain embodiments, one or more of the films 53, 54 can
be heat-sealable, which can be advantageous for certain uses
of a bag 15 or in certain manufacturing procedures used to
construct the bag 15. For example, one or more of the films
53, 54 can be configured to advantageously melt and clos-
ingly seal at least one of the bag ends 23, 25 in response to the
application of heat. As another example, in some embodi-
ments, an inner film 54 that is heat-sealable can advanta-
geously be coupled to a zipper closure, as further discussed
below. In certain embodiments, one or more of the films 53,
54 can comprise heat-sealable polyethylene (PE) or oriented
polypropylene (OPP). In some embodiments, the core layer
55 can be heat-sealable. Such an arrangement can be advan-
tageous, such as when the inner ply 51 does not include an
inner film 54.

In certain embodiments, the inner ply 51 defines a thick-
ness in a range of between about 0.5 mils and about 7.0 mils.
In some embodiments, the thickness is in a range of between
about 2.0 mils and about 6.0 mils. Other thickness ranges or
gauge values are also possible, and can depend on the use of
a bag 15 into which the inner ply 51 is incorporated. For
example, in some embodiments, relatively large or heavy
bags (e.g., bags having a capacity of about 20 kilograms or
more) can benefit from a relatively thicker inner ply 51.
Similarly, in some embodiments, bags used to store relatively
sharp or abrasive products can benefit from a relatively
thicker inner ply 51.

Where the inner ply 51 is formed by a laminated material,
the first and second films 53, 54 can be adhered to the core
layer 55 of the inner ply 51 in any suitable manner, such as
those described above with respect to joining layers of the
outer ply 31. For example, in some embodiments, the firstand
second films 53, 54 can be adhered to the core layer 55 viaone
or more tie layers 37. In certain embodiments, one or more of
the tie layers 37 chemically bond the respective films 53, 54 to
the layer 55. For example, in some embodiments, one or more
of the tie layers 37 comprise a functionalized polyethylene
copolymer. The one or more tie layers 37 can comprise other
suitable adhesives.

With reference to FIGS. 8 A and 8B, in some embodiments,
the outer ply 31 is joined to an outer face of the inner ply 51.
Any suitable method for joining the outer ply 31 and the inner
ply 51 is contemplated, including any suitable method
described above with respect to joining embodiments of the
film 33 and nonwoven layer 35 of the outer ply 31. For
example, the inner ply 51 and the outer ply 31 can be joined
via co-extrusion. In some embodiments, such as those illus-
trated in FIGS. 8A and 8B, the inner ply 51 and the outer ply
31 are joined via an adhesive 38. Any other suitable lamina-
tion technique is also possible.

With reference to FIGS. 8C and 8D, in some embodiments,
the nonwoven layer 35, without the film layer 33, is joined to
the inner ply 51. As previously discussed, the inner ply 51 can
comprise a single layer (as illustrated in FIG. 8C) or multiple
layers (as illustrated in FIG. 8D). In other embodiments, the
“inner ply” 51 shown in each of FIGS. 8C and 8D, respec-
tively, can be joined to an outer face of the nonwoven layer 35.

FIG. 8E, schematically illustrates that in some embodi-
ments, the bag 15 can substantially prevent grease G from a
product 17 from migrating or penetrating from within the bag
15 to a position outside the bag 15. In further embodiments,
the bag 15 can prevent grease at a position outside of the bag
15 from migrating into or otherwise penetrating the bag 15.
The bag 15 can also substantially block or serve as a barrier to
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elements other than grease, such as, for example, liquids,
odors, insects, etc., as previously discussed.

In various embodiments, the outer ply 31 and/or the inner
ply 51 can comprise separate layers configured to provide a
specific quality or property to the body material 7, as needed
or desired. For example, as previously discussed, coatings
may be applied to an exterior surface of the material 7 to
enhance the appearance of a finished product, and one or
more polymer-based films can provide heat-sealing capabili-
ties, improved barrier qualities, and/or other desirable func-
tionalities. In some embodiments, one or more paper layers
may be included in one or more of the inner and outer plies 51,
31 to provide strength or some other desired property. For
example, in some embodiments, a paper layer can be included
between the film 53 and the nonwoven layer 35.

FIG. 9 illustrates an embodiment of an assembly apparatus
90 suitable for assembling the body material 7 from separate
stocks of the nonwoven layer 35 and the film 33. In some
embodiments, adhesive 92 is fed from an adhesive feeder 94
into an adhesive applicator 95, which can comprise a series of
rollers. The adhesive 92 is evenly applied to a first surface of
the nonwoven layer 35 as itis passed along a conveyor belt 96.
The film 33 is applied to the adhesive-coated surface of the
nonwoven layer 35 via a series of rollers 97. In further
embodiments, an inner ply 51 can be applied to a second
surface of the nonwoven layer 35 in a similar manner. Other
suitable assembly apparatus 90 can be used, including those
known in the art and those yet to be devised.

With reference to FIGS. 10 and 11, in some embodiments,
any suitable embodiment of a body material 7 described
herein can be converted into a bag 15. For example, the
material 7 can comprise an outer ply 31 joined to an inner ply
51, and the outer and inner plies 31, 51 can be formed into a
bag 15. In some embodiments, the outer and inner plies 31, 51
can be substantially coextensive with each other, save for a
protruding salvage edge. For example, in some embodiments,
the outer ply 31 overlaps the inner ply 51 and is defines a
surface area that is slightly larger than that of the inner ply 51
such thataportion of the outer ply 31 extends past a peripheral
edge of the inner ply 51 to define a salvage edge, as this term
is understood in the art. In other embodiments, the inner ply
51 can define a salvage edge. In further embodiments, the
inner ply 51 can define a surface area that is larger than that of
the outer ply 31, or the inner ply 51 and the outer ply 31 can
define surface areas that are substantially the same.

In certain embodiments, the body material 7 is cut or oth-
erwise formed such that it has opposing lateral sides 73. In
some embodiments, the lateral sides 73 are overlapped and
joined to each other to define a tubular body 21. The lateral
sides 73 can be joined in any suitable manner. For example, in
some embodiments, one lateral side 73 is joined to the other
lateral side 73 via an adhesive. In other embodiments, the film
33 of the outer ply 31 and the film 54 of the inner ply 51 can
comprise heat-sealable materials such that the lateral sides 73
can be joined via a heat seal. In certain embodiments, a
portion of the film 54 overlies a portion of the film 33 to define
a seam 75, which can extend along a full longitudinal extent
of the tubular body 21.

With reference generally to FIGS. 1, 11, 12, and 13, in
certain embodiments, at least one end 23, 25 of the tubular
body 21 can be sewn closed to provide a bag 15 in a sewn-
open-mouth configuration (e.g., having a first end that is sewn
closed and a second end that is open). In some embodiments,
the bottom end 25 of the bag 15 comprises a closure seam 10
and the top end 23 is left open such that a product can be
received into the bag 15 via the top end 23.
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With reference to FIGS. 11 and 12, in some embodiments,
a method of forming the bag 15 into a sewn-open-mouth
configuration includes urging the front wall 1 and the back
wall 2 of the tubular body 21 toward one another. Although
each of the front and back walls 1, 2 in the embodiment shown
in FIG. 12 comprises three layers (i.e., a two-layered outer ply
31 and a single-layered inner ply 51), any suitable layered
arrangement disclosed herein is possible. As shown in FIG.
12, The front wall 1 and the back wall 2 can be placed in
abutting contact with each other. In further embodiments, a
closure strip 12 is placed over the bottom end 25 of the front
and back walls 1, 2. For example, the closure strip 12 can be
folded or bent such that a portion of the closure strip 12
contacts an outer surface of the front wall 1 and another
portion of the closure strip 12 contacts an outer surface of the
back wall 2.

With reference to FIGS. 12 and 13A, in some embodi-
ments, a stitching element 11 is introduced into a bottom
region of the tube body 21 via a stitching needle 100. The
stitching needle 100 can be configured to pierce through a first
portion of the closure strip 12, the front wall 1, the back wall
2, and a second portion of the closure strip 12. The stitching
needle 100 thus can form openings 110 in the closure strip 12,
an opening 111 in the front wall 1, and an opening 112 in the
back wall 2.

In some embodiments, the stitching needle 100 carries the
stitching element 11 through the openings 110, 111, 112 and
positions a portion of the stitching element 11 within the
openings 110, 111, 112. Accordingly, upon removal of the
stitching needle 100 from the bottom end 25 of the tube body
21, the stitching element 11 can extend through the openings
110, 111, 112 in a substantially fixed state.

The stitching element 11 can hold the front wall 1 and the
back wall 2 in close engagement with one another so as to
form a substantially grease-impermeable seal. As used herein
the term grease-impermeable seal is used in its ordinary
sense, and can include a seal that prevents the passage of
grease thereby. Accordingly, a substantially grease-imperme-
able seal formed at a bottom end 25 of a bag 15 can substan-
tially prevent grease from entering or exiting the bag 25 via
the bottom end 25. As illustrated in FIG. 1, in some embodi-
ments, the stitching element 11 can extend across a full trans-
verse width of the bag 15 (e.g., from one lateral edge of the
front wall 1 to an opposing lateral edge of the front wall 1),
and can form a substantially grease-impermeable seal along
the full transverse width of the bag 15. In further embodi-
ments, the substantially grease-impermeable seal can also
substantially prevent the passage of odors via the seal.

In some advantageous embodiments, the front and back
walls 1, 2 are configured to close around the stitching element
11 upon removal of the stitching needle 100. For example, in
some embodiments, the memory of the inner ply 51 (or a
portion thereof, such as a core layer 55) is sufficiently large to
permit the inner ply 51 to elastically deform as the stitching
needle 100 passes through it. Upon removal of the needle 100,
the inner ply 51 can move toward a more relaxed, more
natural, or more constricted configuration and can close
around the stitching element 11. The inner ply 51 can contact,
constrict, or otherwise interact with the stitching element to
form a substantially grease-impermeable seal. In some
embodiments, a substantially grease-impermeable seal
formed between the front and back walls 1,2 and the stitching
element 11 at the openings 111, 112 can substantially prevent
the passage of odors via the seal.

In some embodiments, the outer ply 31 can form, or con-
tribute to the formation of, a substantially grease-imperme-
able seal between the front and back walls 1, 2 and the
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stitching element 11. For example, in some embodiments, the
memory of the outer ply 31 (or a portion thereof, such as the
film 33) is sufficiently large to permit the outer ply 31 to
elastically deform as the stitching needle 100 passes through
it and to move toward a more constricted state upon removal
of the needle 100.

In some embodiments, the memory of a material is affected
by the thickness of the material. The term “memory” is used
herein in its ordinary sense, and can include a property of the
material by which the material can be stretched from a first
position to a second position, and upon release from the
second position, can completely return, or can return by a
percentage amount, to the first position. By way of example,
in some instances, PET films have a relatively low memory
and PE films have a relatively high memory. In many
instances, the memory of a material increases as the thickness
of the material increases. In various embodiments, the thick-
ness of the inner ply 51, or a portion thereof (e.g., the core
layer 55), is between about 1 mil and about 6 mils, between
about 2 mils and about 5 mils, or between about 3 mils and
about 4 mils. In various embodiments, the thickness of the
outer ply 33, or a portion thereof (e.g., the film 33), is between
about 1 mil and about 6 mils, between about 2 mils and about
5 mils, or between about 3 mils and about 4 mils.

In certain embodiments, the stitching element 11 can com-
prise a material configured to interact with one or more mate-
rials of the front and back walls 1, 2 to form a substantially
grease-impermeable seal therewith. In various embodiments,
the stitching element can comprise cotton, a polyolefins, and/
or a blend of synthetic materials and cotton.

Asillustrated in FIGS. 1, 2,11, and 13B, in certain embodi-
ments, a bag 15 can be formed with gusseted sidewalls 3, 4.
With reference to FIG. 11, in some embodiments, the side-
walls 3, 4 of the tube body 21 can be urged inward to form the
gussets, as depicted by block arrows, and can be creased or
folded. With reference to FIG. 13B, in some embodiments,
the stitching element 11 can extend through two separate
portions of a gusseted side wall (e.g., the side wall 3). In the
illustrated embodiment, the front wall 1 defines the opening
111, the back wall defines the opening 112, a first portion of
the side wall 3 defines a third opening 113, and a second
portion of the side wall 3 defines a fourth opening 114. The
stitching element 11 can extend through the first, second,
third, and fourth openings 111, 112, 113, 114 in a substan-
tially fixed state. The stitching element 11 can hold the front
wall 1 and the first portion of the side wall 3 in close engage-
ment with one another so as to form a substantially grease-
impermeable seal. Similarly, the stitching element 11 can
hold the second portion of the side wall 3 and the back wall 2
in close engagement with one another so as to form a sub-
stantially grease-impermeable seal.

With reference to FIG. 2, in some embodiments, a product
17 can be introduced into the bag 15 after a closure seam 10
has been formed at the bottom end 25 of the bag 15. In further
embodiments, the top end 23 of the bag 15 can then be sealed
in any suitable fashion. For example, as discussed above, in
some embodiments, a closure seam 13 such as the closure
seam 10 is provided at the top end 23 of the bag 15.

With reference to FIG. 14, in other embodiments, the top
end 23 of the bag can comprise a zipper closure 150. In certain
embodiments, the zipper closure 150 can be reclosable such
that the closure can be selectively opened or closed repeat-
edly, as desired. In some embodiments, the zipper closure 150
comprises one or more connection portions 160, which can
comprise a skirt, flaps, or extensions. The connection portions
160 can be connected to the top end 23 of the tube body 21 in
any suitable manner, and in some embodiments, can form a
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substantially airtight, fluid-tight, and/or grease-impermeable
seal therewith, as further discussed below.

In some embodiments, the zipper closure 150 comprises a
first zipper track 172 and a second zipper track 174 that are
configured to selectively engage each other and disengage
from each other. In some embodiments, the zipper tracks 172,
174 can form a substantially airtight, fluid-tight, and/or
grease-impermeable seal when engaged with each other. In
further embodiments, the zipper closure comprises a sliding
block 180 configured to transition the zipper tracks 172, 174
between the engaged and disengaged states. The block 180
can move between two stops 182, 184, which can serve to
limit the translational movement of the block 180.

With reference to FIGS. 15 and 16, in some embodiments,
the block 180 can compress the first and second zipper tracks
172, 174 into sealed contact with each other to transition the
zipper tracks 172, 174 to the engaged state. The block 180 can
cause the first and second zipper tracks 172, 174 to separate
from each other to transition the zipper tracks 172, 174 to the
disengaged state.

With reference to FIG. 15, in some embodiments, the con-
nection portion 160 ofthe zipper closure 150 comprises a heat
sealable material. In some embodiments, the connection por-
tion 160 is placed in contact with an outer surface of a heat
sealable portion of the outer ply 31 (e.g., the film 33) and is
heat sealed thereto. With reference to FIG. 16, in other
embodiments, the connection portion 160 is placed in contact
with an inner surface of a heat sealable portion of the inner ply
51 (e.g., the film 54) and is heat sealed thereto. Any suitable
heat sealing methods and materials may be used, such as
those discussed herein.

With continued reference to FIG. 16, in still further
embodiments that do not include the inner ply 51 (e.g.,
embodiments of the body materials 7 illustrated in FIGS. 3A,
3B, 3C, 4A, and 4B), the nonwoven layer 35 can be heat-
sealable. Accordingly, in some embodiments, the connection
portion 160 is placed in contact with an inner surface of a heat
sealable portion of the nonwoven layer 35 and is heat sealed
thereto. In such an arrangement, the inner ply 51 shown in
FIG. 16 would be omitted.

In other embodiments, a heat-sealed and/or an adhesion
seam can be used to close the top end 23 of the bag 15. FIGS.
17-20B illustrate certain embodiments of such closure seams.
As discussed above, various embodiments of the bag 15 can
be be closed at either the bottom end 25 or the top end 23 of
the bag, filled, and then the other end can be closed in any
suitable manner. Accordingly, for certain portions of the fol-
lowing discussion, it can be assumed that the bottom end 25 of
the bag has been previously sealed and the top end 23 of the
bag is subsequently sealed. Moreover, certain references to
the top end 23 may also refer to the bottom end 25, as either
end can be closed secondarily. The following discussion and
examples are merely illustrative, and should not be construed
as limiting.

With reference to FIGS. 17-18E, in some embodiments, a
portion of at least one of the inner and outer plies 51, 31 of at
least one of the opposing bag ends 23, 25 foldingly and
adheringly overlying another portion of the one bag end 23 to
define an overlapping seam extending along substantially an
entire transverse extent of the one bag end 23 to thereby
closingly seal the one bag end 23 so that a product, when
positioned therein, is retained within inner confines of the bag
15 between the opposing pair of bag ends 23, 25. Embodi-
ments can include the inner face of the inner ply 51 of at least
one of the opposing bag ends 23 adheringly overlying the
outer face of the outer ply 31 of the same bag end 23 to define
an overlapping seam substantially extending along a trans-
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verse extent of the bag end 23. Embodiments can also include
the outer face ofthe outer ply 31 of at least one of the opposing
bag ends 23 adheringly overlying the same outer face of the
same outer ply 51 of the same bag end 23 as part of the
overlapping seam substantially extending along a transverse
extent of the bag end 23.

Additionally, embodiments such as those shown in FIGS.
18A-18E, embodiments of a bag and/or bag closure can
include an adhesive 64 including components of rosin ester
and ethylene vinyl acetate adhering a portion of at least one of
the inner and outer plies 51, 31 of at least one of the opposing
bag ends 23 to another portion of the same bag end 23 to
define an overlapping seam substantially extending along a
transverse extent of at least one of the pair of bag ends 23. The
hot melt adhesive 64 can be supplied, for example, as Product
No. 70-4467 from NATIONAL STARCH AND CHEMICAL
COMPANY, 10 Finderne Avenue, Bridgewater, N.J. 08807.
In further embodiments, the adhesive 64 can include a com-
ponent selected from the group consisting of styrene-iso-
prene-styrene  copolymers,  styrene-butadiene-styrene
copolymers, ethylene ethyl acrylate copolymers, polyure-
thane reactive adhesives, tackifiers, waxes, paraffin, antioxi-
dants, plasticizers, plant sterols, terpene resins, polyterpene
resins, turpentines, hydrocarbon resins, resin acids, fatty
acids, polymerized rosins, and polyamide adhesives.

Other embodiments of the bag 15, such as those illustrated
for example in FIGS. 18A-18D, can include a tubular bag
body having a pair of opposing bag ends 23, 25 and an inner
face of an outer ply 31 abuttingly adhering to an outer face of
an inner ply 51. The outer ply 31 can include a grease-
resistant film, and the inner ply 51 can include a grease-
resistant material. An end portion of at least one of the inner
and outer plies 51, 31 of at least one of the opposing bag ends
23 can adheringly overlie another portion of the same bag end
23 with an adhesive 64, such as described above, so that the
grease resistant film of the outer ply 31 contacts the adhesive
64 and the grease resistant material of the inner ply 51 con-
tacts the adhesive 64 to thereby define an overlapping seam
substantially extending along a transverse extent of the same
bag end 23 to thereby closingly seal the bag end 23.

Other embodiments of the bag 15, such as that shown in
FIG. 18E, can include a tubular bag body having a pair of
opposing bag ends 23, 25 and an inner face of an outer ply 31
abuttingly adhering to an outer face of an inner ply 51. The
outer ply 31 can include a polyester film, and the inner ply 51
can include a polymeric material. An end portion of at least
one of the inner and outer plies 51, 31 of at least one of the
opposing bag ends 23 can adheringly overlie another portion
of'the same bag end 23 with an adhesive 64, such as described
above, so that the polyester material of the outer ply 31
contacts the adhesive 64 and the polymeric material of the
inner ply 51 contacts the adhesive 64 to thereby define a bag
closure to thereby define an overlapping seam substantially
extending along a transverse extent of the same bag end 23 to
thereby closingly seal the bag end 23.

Within the adhesives industry, hot melts, for example, can
have good performance and usage benefits, as understood by
those skilled in the art. Hot melt adhesives can be solvent-free
adhesives that are characteristically solid at temperatures
below 180 degrees F., are low viscosity fluids above 180
degrees F., and rapidly set upon cooling. Hot melt adhesives
are used in a variety of manufacturing processes. There are a
number of hot melt adhesives in use, with the most common
being those used for hot melt pressure sensitive adhesive
applications. For example, hot melt adhesives can include
ethylene vinyl acetate (EVA) copolymers, which can be com-
patible with paraffin; styrene-isoprene-styrene (SIS) copoly-
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mers; styrene-butadiene-styrene (SBS) copolymers; ethylene
ethyl acrylate copolymers (EEA); and polyurethane reactive
(PUR).

Generally, these polymers may not exhibit the full range of
performance characteristics that can be required for certain
end products by themselves. For this reason, for example, a
variety of tackifying resins, waxes, antioxidants, plasticizers,
viscosity reducers, and other materials can be added to the
adhesive formulation to enhance the polymer performance.

For example, the PUR adhesive is a 100 percent solid,
one-component urethane prepolymer that behaves like a stan-
dard hot melt until it reacts with moisture to crosslink or chain
extend, forming a new polyurethane polymer. By curing the
polymer in this way, PURs have performance characteristics
that can be more enhanced than those of standard hot melts.
Unlike many of the other hot melts, which can require a slot
die or roll coater, PURs can be applied to a substrate as a dot
or a thin glue line, can set in seconds, and can be structurally
rigid in minutes following a final set. These adhesives have
been accepted in many manufacturing industries, for
example, where they can be applied in small bond points to
eliminate use of mechanical fasteners, such as staples,
screws, rivets, clips, snaps, nails or stitching.

Furthermore, for example, certain groups of pine chemi-
cals (with the exception of plant sterols, in many instances),
can also be used by the adhesives and sealants industry. Pine
chemicals are renewable, naturally occurring materials
derived from the pine tree (genus pirus). The range of chemi-
cal classes obtained from pine trees includes numerous plant
sterols, terpenes (or turpentine), resin acids (or rosin) and
fatty acids. Rosin resins, including esters and polymerized
rosins, are used as tackifiers to modify the properties of
selected polymers to produce adhesives and sealants. Poly-
terpene resins are used to modify non-polar polymers for
these same applications. Tall oil fatty acids can be dimerized
to produce dimer fatty acids that, in turn, can be a major
ingredient in thermoplastic polyamide adhesives.

For example, three major classes of tackifier resins for the
adhesives industry can include terpene, hydrocarbon and
rosin resins. Terpene resins (pine-based) and hydrocarbon
resins (petrochemical-based) are both hydrocarbons; that is,
they contain only carbon and hydrogen. Although they are
somewhat similar in that respect, they impart somewhat dif-
ferent properties to the resultant adhesives. Terpene-based
resins are more diverse than petrochemical hydrocarbons in
that these resins can be readily modified with other chemicals
(e.g., phenol) to produce an array of products. Notably, for
example, rosin resins significantly differ from the previous
two types in that they contain carboxylic acid and/or ester
groups. These resins are generally more polar and narrower in
molecular weight, for example, making them good tackifiers
for a variety of end-use applications.

In some instances, hot-melt packaging adhesives can be
developed to run faster than traditional adhesives, in some
applications, and can perform on a range of substrates. Ter-
pene phenolic resins, derivatives of alpha-pinene, can deliver
enhanced adhesion qualities to difficult substrates such as
recycled cardboard. They can offer better green strength,
making them useful for high-speed packaging lines with short
set times. Rosin esters are commonly used to increase adhe-
sion and the temperature performance range of ethylene vinyl
acetate (EVA) based adhesives. This combination of elements
in ahot melt adhesive can beused as a closure (e.g., end, sides,
orother overlap region) for a bag in applications, for example,
of a polyester or grease-resistant material facing another
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polymeric or grease resistant material. Rosin esters can be
compatible with a range of polymers, thus limiting formulat-
ing complexity.

Ethylene vinyl acetate (EVA), for example, can be pro-
duced by the random copolymerization of ethylene and vinyl
acetate in predetermined ratio. The presence of VA reduces
the crystallinity as the large acetoxy group distorts the chain
structure. The stiffness of EVA varies with VA content. How-
ever, beyond about 60 percent VA, the stiffness rises sharply
as pure vinyl acetate is a glass-like substance at room tem-
perature. The practical limit for certain “mechanical” uses of
EVA is about 20 percent VA content; however, for certain
“adhesive” uses, higher levels of VA can be employed. High
VA level copolymers are typically used in adhesive applica-
tions, while lower vinyl acetate containing copolymers,
which can have greater tensile moduli and surface hardness,
find greatest use in films, profile extrusions and injection
molding. The higher percent VA resins have a good compat-
ibility with other materials. Thus, EVA is widely used in
blends and compounds. One main application, for example, is
hot melt adhesives, where the EVA is blended with tackifier
and paraffin wax.

As understood by those skilled in the art, the polarity of the
VA molecule makes the copolymers receptive to high filler
loadings and to combination with tackifiers and other adhe-
sive components. The addition of the rosin ester to EVA can
produce a compatible mixture. The increase in the VA amount
decreases the crystallinity of EVA and the elastic and viscous
modules, but increases the peel strength and the tack. The
tackifier improves the adhesion and increases the “open time”
of the formulation.

In a further embodiment in which one or more bag ends or
other bag closures are heat-sealed, a bag end 23 is adapted to
be positioned so that opposingly facing first and second por-
tions of the inner ply 51 are compressed between opposingly
facing first and second portions of the outer ply 31 to define a
compressed lip 71, as shown in FIGS. 19-20B. The com-
pressed lip 71, for example, can have a first portion of the
second heat-sealable film 54 of the inner ply 51 meltingly
bonded with an opposingly facing second portion of the sec-
ond heat-sealable film 54 of the inner ply 51 along a trans-
verse extent of at least one of the pair of bag ends 23, 25
responsive to heat applied thereto. Application of the heat to
the bag end 23 thereby advantageously closingly seals the bag
end 23 so that a food element 17, when positioned therein, is
retained within inner confines of the bag 15 defined by other
unsealed portions of the second heat-sealable film 54 posi-
tioned between the opposing bag ends 23, 25. FIG. 8E shows
an embodiment of a bag where the food element 17 is posi-
tioned inside the bag, illustrating the grease component G
being prevented from penetrating the inner and outer plies 51,
31 of the food bag 15.

Each of the materials used to construct the bag 15 can have
a different range of melting temperatures. For example, in
some embodiments, a polyester film 33 of the outer ply 31 has
a melting point temperature greater than a heat-sealable film
54 of the inner ply 51. In some embodiments, the polyester
film 33 of the outer ply 31 has a melting temperature in the
range of about 300 degrees Fahrenheit to about 475 degrees
Fahrenheit, and in further embodiments, greater than about
425 degrees Fahrenheit. In some embodiments, the heat-seal-
able film 54 of the inner ply 51 has a melting point tempera-
ture in the range of about 220 degrees Fahrenheit to about 300
degrees Fahrenheit, and in further embodiments, greater than
about 240 degrees Fahrenheit. The polyethylene heat-seal-
able film 54 of the inner ply 51 can have a lower melting
temperature and therefore melts easier and at lower tempera-
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tures than the grease-resistant polyester film 33 of the outer
ply 31. A sufficiently low melting point temperature for the
heat-sealable film 54 of the inner ply 51 advantageously
allows for the melting and bonding of the second heat-seal-
able film 54 to closingly seal the bag end 23, 25.

For example, in some embodiments, a heat-sealing bag
machine performs the function of forming and shaping the
multi-layered structure into a bag 15 by accordingly com-
pressing and melting the bag ends 23, 25 to closingly seal the
bag ends 23, 25. The heat-sealing bag machine has an
extended heater belt and/or heated jaws that carry out the
heat-sealing procedure. The heat can alternatively be applied,
for example, by heated rollers, a heated wire/wires, or a
heated air zone that adequately melts the heat-sealable film
54, as understood by those skilled in the art. The extended
heater belt and/or heated jaws can mass-produce the heat-
sealed products through a continuous high-speed operation,
which manufactures a quality product in massive quantities to
be delivered to customers. In some applications, for example,
the bag manufacturer typically heat-seals one end of each bag
and delivers the bag to a customer, and the customer fills the
bag with the proper elements and ultimately heat-seals the
other end of the bag. The heat-sealing process can form bags
with a lip as herein described, or can alternatively form bags
that have a flattened top end and flattened bottom end to
thereby provide the capability of stacking multiple bags
neatly on top of one another.

To describe heat-sealing processes for certain embodi-
ments more specifically, the polyethylene portion of the heat-
sealable film 54 of the inner ply 51 at the bag ends 23, 25 can
be heated to a melting point temperature of at least about 220
degrees Fahrenheit to melt the heat-sealable polyethylene
film of the bag ends 23, 25. Alternatively, the temperature
could be raised in excess of about 300 degrees Fahrenheit, in
one embodiment for example, to melt not only portions of the
polyethylene heat-sealable films 54 together but also to melt
portions of the polyester films 33 together as well, thus advan-
tageously forming an even tighter closed seal at the bag ends
23, 25. In one embodiment, for example, the manufacturer
utilizing the heat-sealing bag machine will seal only one end
23, 25 portion of the bag 15, thereby leaving another end 23,
25 portion of the bag 15 open to eventually fill the bag 15 with
food or other elements or product 17. The distributor of the
goods, for example, then fills the bag 15 with the product 17,
and thereafter seals the other end 23, 25 portion of the bag 15
after the bag 15 is full.

Methods of assembling, positioning, using, and construct-
ing embodiments of a multi-layered bag 15 are also disclosed
herein. The following discussion includes specific references
to certain of such embodiments. The discussion is for illus-
trative purposes only, and should not be construed as limiting.
Moreover, any suitable combination of the following disclo-
sure with any portion of the foregoing disclosure is contem-
plated.

In certain embodiments, before any of the layers of a tube-
forming material are bonded or adhered together, a method of
constructing a bag 15 can include printing printed indicia 29
onthe inner face of the grease-resistant film 33 of'the outer ply
31 to advantageously enhance visual appearance of the bag
15.

In certain embodiments, a method of constructing a bag 15
can include adhering an inner face of a grease-resistant poly-
ester film 33 with an outer face of a nonwoven layer 35 to
create an outer ply 31. The method can also include adhering
an inner face of a first film 53 to an outer face of a grease-
resistant material 55 and adhering an inner face of the grease-
resistant material 55 to an outer face of a second film 54 to
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create a multi-layer inner ply 51. The method can also include
adhering an inner face of the outer ply 31 to an outer face of
the inner ply 51 to create a laminate with a pair of opposing
ends 23, 25. The method can also include overlying a portion
of an inner face of the inner ply 51 located at one lateral side
of'the laminate onto a portion of an outer face of the outer ply
31 located at another lateral side of the laminate to define an
overlapping seam extending along a longitudinal extent of a
tubular portion of the bag. The method can also include adher-
ingly overlying an end portion of at least one of the inner and
outer plies 51, 31 of at least one of the opposing bag ends 23
onto another portion of the same bag end 23 with an adhesive
64 including components of rosin ester and ethylene vinyl
acetate to define an overlapping seam substantially extending
along a transverse extent of the same bag end 23 to thereby
closingly seal the bag end 23.

In some embodiments, an inner face of the inner ply 51 of
at least one of the opposing bag ends 23 is adhered to an outer
face of the outer ply 31 of the same bag end 23 to define an
overlapping seam substantially extending along a transverse
extent of the bag end 23. The method can further include
closingly sealing the overlapping seam responsive to the
adhering to thereby prevent grease from penetrating from
within the bag 15 to outside the bag 15 and prevent grease
from penetrating from outside the bag 15 to within the bag 15.

The method can also include adhering an outer face of the
outer ply 31 of at least one of the opposing bag ends 23 against
the same outer face of the same outer ply 31 of the same bag
end 23 to define an overlapping seam substantially extending
along a transverse extent of the bag end 23. The method can
further include closingly sealing the overlapping seam
responsive to the adhering to thereby prevent grease from
penetrating from within the bag 15 to outside the bag 15 and
prevent grease from penetrating from outside the bag 15 to
within the bag 15.

Certain embodiments of bags and methods herein dis-
closed can have benefits and advantages. The combined use
of'polymeric structures and nonwoven material, for example,
can combine the advantages of the thickness, puncture-resis-
tance, durability, and/or bending stiffness of certain non-
woven materials with the puncture-resistant, heat-sealable,
grease-resistant, and/or impermeability properties of polyes-
ter, including in some embodiments the heat-sealable char-
acteristics of films such as polyethylene. Furthermore, the
grease-resistant properties of the inner ply 51 can offer
enhanced grease-resistance in addition to the grease-resis-
tance properties of the outer ply 31. Embodiments of a bag
can provide increased barrier protections from grease, endur-
ance, strength, physical integrity, and heat-sealable charac-
teristics not offered with other bags. The bag 15 can advan-
tageously prevent problems customarily associated with
greasy products such as pet food, for example, and eliminate
the absorption and penetrable effect of the grease component
included in such foods as pet food. Various bags 15 are often
used in other settings where greasy elements are contained
within the bags 15, and embodiments of the bag advanta-
geously contribute to solving such problematic concerns
attributable to the grease. Other applications of the bag 15
may include dry foods, beverages, feed, soil, lawn and gar-
den, and building materials. Furthermore, certain embodi-
ments can offer enhanced strength to allow the bag to carry
relatively large loads with relative ease. For example, in vari-
ous embodiments, large-format bags 15 can be configured for
use with greater than about 15 kilograms, greater than about
20kilograms, greater than about 25 kilograms, or greater than
about 30 kilograms of product (e.g., pet food).
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In some embodiments, materials used in constructing a bag
can be environmentally friendly. For example, in some
embodiments, a bag 15 can be fully recyclable. Further, in
some embodiments, a bag 15 can advantageously be manu-
factured on existing equipment, such that investment in new
and expensive bag manufacturing equipment is unnecessary.

As discussed above, a variety of bag styles are possible. For
example, in various embodiments, the bag 15 can comprise
gusseted pinch-bottom bag configurations, non-gusseted
pinch-bottom bag configurations, other pinch-bottom bag
configurations, various block-bottom configurations, and
quad-style configurations, among others.

FIG. 21 depicts Table 2, which compares various proper-
ties of non-limiting examples of various nonwoven materials
that are compatible with certain embodiments ofa bag 15. For
example, the materials can be used in embodiments of the
nonwoven layer 35, depending on the desired qualities
thereof.

As shown in the first column, nonwoven materials are
available from a variety of suppliers, such as DuPont of Wilm-
ington, Del.; Fiberweb of Simpsonville, S.C.; Arjobex of Issy
les Moulineaux, France (supplier of Polyart® paper); and
Ahlstrom of Helsinki, Finland. In Table 2, product names
and/or supply numbers are listed with the suppliers of the
products. The abbreviation gsm represents grams per square
meter, the abbreviation PP represents polypropelene fibers,
the abbreviation PET represents polyethylene terephthalate
fibers, and the abbreviation PE/PET represents polyethylene
fibers sheathed in polyethylene terephthalate.

As can be seen in Table 2, in various embodiments, non-
woven materials used in the body material 7 can have a
density of from about 10 grams per square meter to about 200
grams per square meter, from about 40 grams per square
meter to about 150 grams per square meter, from about 40
grams per square meter to about 100 grams per square meter,
or from about 50 to about 90 grams per square meter. In other
embodiments, the nonwoven material can have a measure-
ment of no more than about 40 grams per square meter, no
more than about 50 grams per square meter, no more than
about 60 grams per square meter, no more than about 70
grams per square meter, no more than about 80 grams per
square meter, no more than about 85 grams per square meter,
no more than about 90 grams per square meter, no more than
about 100 grams per square meter, or no more than about 140
grams per square meter.

In the second through sixth columns of Table 2, the listed
tests are known in the art of plastic films. It is noted that the
abbreviation MD represents machine direction and the abbre-
viation CD represents cross direction, as these terms are
understood in the art.

FIG. 22 depicts Table 3, which compares various proper-
ties of an “average” woven polypropylene material (compris-
ing a 10-thread-by-10-thread-per-square-inch weave of 850
denier threads) with non-limiting examples of various non-
woven materials and films that are compatible with certain
embodiments of a bag 15. As shown in the illustrative
embodiments, certain nonwoven materials can be obtained
from the suppliers Fiberweb, DuPont, and Ahlstrom. As pre-
viously discussed, the nonwoven materials can be combined
with one or more outer films (e.g., film 33) and/or one or more
inner films (e.g., films 53, 54, and/or core layer 55).

The descriptions of the multi-layer materials are sufficient
for those of skill in the art to understand the construction of
the material. For example, as shown in row 2, in one embodi-
ment, Reemay® spunbond polyester is thermally laminated
to a film of BOPET having a thickness of about 12 microns.
As shown in row 3, in another embodiment, Typar® spun-
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bond polypropylene is thermally laminated to a film of
polypropylene having a thickness of about 18 microns.

In rows 4, 5, and 12 through 15, the listed materials are
extrusion laminated to each other, and in rows 12 through 15
in a particular, a white opaque extrudate (referred to as “white
poly”) is used. In rows 6 through 9, the listed materials are
joined to each other via an adhesive. In particular, in row 6, an
extrudate blend is used as the adhesive, and in rows 7-9, an
adhesive film (“AF1” or “AF2”)is used. Inrows 10 and 11, the
listed materials are joined via a solventless adhesive (“adh”).

In rows 4 through 8 and 10, the material ACT1 is a non-
woven material having fibers that comprise a polyester core
and a polyethylene sheath, and the material has a density of
about 85 grams per square meter. In rows 9 and 11, the
material ACT2 is a nonwoven material having fibers that
comprise a polyester core and a co-polyester sheath, and the
material has a density of about 85 grams per square meter. In
rows 12 through 15, the abbreviation “2.5 0z NW” represents
that a nonwoven material has a density of about 2.5 ounces
per square yard (or about 85 grams per square meter).

In the second through sixth columns of Table 3, the listed
tests are known in the art of plastic films. It is noted that the
abbreviation MD represents machine direction and the abbre-
viation CD represents cross direction, as these terms are
understood in the art.

Table 3 illustrates that certain embodiments of a body
material 7 that includes a nonwoven material can exhibit
properties similar to those of a typical woven polypropylene
bag. The use of such nonwoven materials can be achieved in
a cost-effective manner, and can provide a suitable and, in
many instances, advantageous alternative to woven polypro-
pylene.

Various modifications, changes, and variations apparent to
those of skill in the art may be made in the arrangement,
operation, and details of the apparatus and methods detailed
in the disclosure without departing from the spirit and scope
of'the disclosure. Thus, it is to be understood that the embodi-
ments described above have been presented by way of
example, and not limitation. Any suitable combination of the
features described above is contemplated. Moreover, each
embodiment recited in the claims that follow is incorporated
herein as a separate embodiment.

The invention claimed is:

1. A bag comprising:

a body material that defines a front wall, a back wall, a first
side wall, and a second side wall, the body material
comprising a first layer, a second layer, and a third layer,
wherein an inwardly facing surface of the first layer
defines an innermost face of the body material that is
configured to directly contact the contents of the bag
when the bag is in a filled state and an outwardly facing
surface of the first layer is laminated to an inwardly
facing surface of the second layer, wherein the first layer
consists of a single-layer, grease-impermeable nylon or
polypropylene film that is configured to prevent grease
from passing from the contents of the bag to the second
layer, wherein the second layer comprises a web of
nonwoven material, and wherein the third layer com-
prises a polyolefin film laminated to an outwardly facing
surface of the nonwoven material; and

a closure at a first end of the bag, wherein the closure
comprises a seal configured to prevent the contents of
the bag from exiting the bag via the first end when the
bag is in the filled state.

2. The bag of claim 1, wherein the web of nonwoven

material comprises polymeric fibers.
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3. The bag of claim 2, wherein the polymeric fibers com-
prise one or more of polypropylene fibers, polyethylene
fibers, and polyester fibers sheathed in one or more of poly-
ethylene, a co-polyester, and/or a copolymer of polyethylene.

4. The bag of claim 2, wherein the web of nonwoven
material further comprises cellulosic fibers.

5. The bag of claim 2, wherein the web of nonwoven
material is within a range of between about 10 and about 200
grams per square meter.

6. The bag of claim 1, wherein the web of nonwoven
material comprises cellulosic fibers.

7. The bag of claim 1, wherein the web of nonwoven
material is within a range of between about 10 and about 200
grams per square meter.

8. The bag of claim 1, wherein the third layer comprises
printing.

9. The bag of claim 1, wherein the third layer is configured
to prevent gases from entering the bag.

10. The bag of claim 1, wherein the bag further comprises
azipper closure that is heat sealed to the first layer at a second
end of the bag.

11. The bag of claim 1, wherein the third layer comprises a
heat-sealable material, and wherein the bag further comprises
azipper closure that is heat sealed to the third layer ata second
end of the bag.

12. The bag of claim 1, wherein the closure at the first end
of the bag comprises one of a sewn seam and a heat-sealed
seam.

13. The bag of claim 1, wherein an edge of the body
material overlaps a portion of the third layer to form a seam,
and wherein the seam extends between the first end of the bag
and a second end of the bag that is opposite the first end of the
bag.

14. The bag of claim 1, wherein the third layer is treated
with a coating on the outer face of the film.

15. The bag of claim 14, wherein the coating is oil, grease,
and water resistant.

16. The bag of claim 1, wherein a second end of the bag
comprises a portion of the front wall and a portion of the back
wall, wherein the portion of the front wall extends beyond an
end of the back wall such that the portion of the front wall may
be folded to adheringly overlie the portion of the back wall to
define an overlapping seam extending along substantially an
entire transverse extent of the bag to closingly seal the second
end of the bag.

17. The bag of claim 16, further comprising a hot melt
adhesive, wherein the hot melt adhesive is configured to be
positioned between the portion of the front wall that may be
folded and the portion of the back wall to adhere the portions
of the front and back wall to each other.

18. The bag of claim 1, wherein the single-layer, grease-
impermeable nylon or polypropylene film is further config-
ured to prevent mineral oils from passing from the contents of
the bag to the second layer.

19. The bag of claim 1, wherein the single-layer, grease-
impermeable nylon or polypropylene film is further config-
ured to prevent solvents from passing from the contents of the
bag to the second layer.

20. The bag of claim 1, wherein the single-layer, grease-
impermeable nylon or polypropylene film is further config-
ured to prevent acids from passing from the contents of the
bag to the second layer.

21. A bag comprising:

abody material that defines a front wall, a back wall, a first

side wall, and a second side wall, the body material
comprising an outer layer and an inner layer, wherein the
outer layer comprises a web of nonwoven material, and
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wherein the inner layer is laminated to an inwardly fac-
ing surface of the nonwoven material, the inner layer
consisting of a single layer, grease-impermeable nylon
or polypropylene film, wherein an inwardly facing sur-
face of the film defines an innermost face of the body
material that is configured to directly contact the con-
tents of the bag when the bag is in a filled state, and
wherein the film is configured to act as a barrier to
grease; and

a closure at a first end of the bag, wherein the closure

comprises a seal configured to prevent the contents of
the bag from exiting the bag via the first end when the
bag is in the filled state.

22. The bag of claim 21, wherein the web of nonwoven
material is within a range of between about 10 and about 200
grams per square meter.

23. The bag of claim 21, wherein the bag further comprises
a zipper closure that is heat sealed to the inner layer at a
second end of the bag.

24. The bag of claim 21, further comprising a polyolefin
film laminated to an outwardly facing surface of the web of
nonwoven material.

25. The bag of claim 24, further comprising a zipper clo-
sure heat sealed to the polyolefin film that is laminated to the
outwardly facing surface of the web of nonwoven material.

26. The bag of claim 24, wherein the polyolefin film that is
laminated to an outwardly facing surface of the web of non-
woven material is printed.

27. The bag of claim 21, wherein a second end of the bag
comprises a portion of the front wall and a portion of the back
wall, wherein the portion of the front wall extends beyond an
end of the back wall such that the portion of the front wall may
be folded to adheringly overlie the portion of the back wall to
define an overlapping seam extending along substantially an
entire transverse extent of the bag to closingly seal the second
end of the bag.

28. The bag of claim 27, further comprising a hot melt
adhesive, wherein the hot melt adhesive is configured to be
positioned between the portion of the front wall that may be
folded and the portion of the back wall to adhere the portions
of the front and back wall to each other.

29. A method of forming a bag, the method comprising:

providing a web of nonwoven material;

joining a grease-impermeable polyolefin film to the web of

nonwoven material to form a body material, wherein the
polyolefin film consists of a single-layer of nylon or
polypropylene;

shaping the body material into a body having a front wall

and a back wall such that the polyolefin film is oriented
to be on the inwardly facing surface of the nonwoven
material, wherein an inwardly facing surface of the poly-
olefin film defines an innermost face of the body material
so that the polyolefin film provides a barrier to the pas-
sage of grease between an interior of the bag and the
nonwoven material; and

joining an end of the front wall with an end of the back wall

to form a closure.

30. The method of claim 29, wherein the web of nonwoven
material is within a range of between about 10 and about 200
grams per square meter.

31. The method of claim 29, wherein the web of nonwoven
material comprises polymer fibers.

32. The method of claim 29, wherein a second polyolefin
film is joined to the web of nonwoven material on a side
opposite the first polyolefin film.
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